Maras Powder is a kind of smokeless tobacco widely used in lieu of cigarettes in the South-Eastern region of l\irkey. In this study, we have evaluated micronuclei in buccal mucosa cells of habitual Maras Powder users. Therefore, we divided our subjects into three groups-smokeless tobacco users, smokers and non-smokers/non-users. The mean percentage of micronucleated (MN) cells was significantly higher in non-smokers/non-users (P < 0.01). The mean percentage of MN cells was 1.86 ± 0.26 in users and 1.99 ± 030 in smokers. There was no difference between the mean percentage of MN cells in these two groups. In conclusion, the genotoxic effect of smokeless tobacco should be considered in addition to other known hazards.
Introduction
Many different forms of smokeless tobacco are used in the world. An interesting kind of smokeless tobacco (Maras Powder) is used commonly in lieu of cigarettes in the SouthEastern region of Turkey, especially in the rural area of Maras and Gaziantep cities. This powder is prepared from Nicotiana rustica L. The dried leaves of the plant are powdered, then mixed with ash by hand. A small amount of this mixture (~1 g) is applied to the lower lip mucosa for 4-5 min and then is spat out. This procedure is repeated many times during the day. Pharmacological studies have shown that this kind of smokeless tobacco is a form of buccal nicotine use (Erenmemisoglu et al., 1991 (Erenmemisoglu et al., , 1992 .
It was reported that Maras Powder use has increased the incidence of epithelial abnormalities and buccal carcinoma which are related to the length of use especially after 15 or more years of exposure (Erenmemisoglu et al., 1995) . In addition, this powder has been shown to exhibit a sister chromatid exchange (SCE) inducing effect on human Tlymphocyte chromosomes. However, this effect was significantly lower than that found in smokers (Ozkul et al., 1995) .
The micronucleus test has also been applied to the biological monitoring of human populations exposed to mutagenic and carcinogenic agents. The mutagenic and carcinogenic effects of smokeless tobacco have been demonstrated previously in habitual users (Stich et al., 1982a,b; Shah et al., 1985) . The incidence of micronuclei increased in the buccal mucosa cells of smokeless tobacco users (Das et al., 1992) .
The aim of this study was to evaluate the possible genotoxic effect of Maras Powder on habitual users by using the micronucleus test. For this purpose, exfoliated cells (putative target tissue) were preferred over blood lymphocytes.
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Materials and methods

Subjects
A total of 54 healthy male subjects (25 Maras powder users, 14 smokers, 15 non-users/non-smokers) from Maras City, Turkey, were examined. The majority of them were living in rural areas. Before collecting the samples, each subject was asked about his lifestyle, food consumption, infectious diseases. X-ray exposure, medication, etc. Individuals who had had a recent viral infection or had been exposed to X-rays or were under medication were excluded from the study, as were people with other confounding habits, such as alcohol or coffee addiction. Individuals drinking more than two cups of tea per day were also excluded. The lifestyle (except the habit of Maras Powder use) and dietary habits of users were similar to those of smokers and non-smokers/non-users. The mean age of subject groups is shown in Table I .
Cytological preparations and examination
Before sampling, each individual rinsed his mouth throughly with tap water. The exfoliated cells were obtained by scraping the lower lip mucosa with a moistened wooden spatula. The scraped cells were placed onto pre-cleaned slides and air-dned. The cells were fixed within 2 h of preparation using 3:1 methanol:acetic acid v/v for 15 min. The smears were stained by the Feulgen reaction and counter-stained with Fast Green (0.5% alcohol), mainly following the technique of Stich et al. (1982a) .
The slides were randomized and scored by a single observer. From each individual, -1500-3500 cells were examined under X600 magnification, and when MN cells were located they were examined under X1000 magnification. The criteria suggested by Sarto et al (1987) for recognizing micronuclei were followed. Dead or degenerating cells (karyolysis, karyorrhexis, nuclear fragmentation) were excluded from evaluation. Nuclear blebbings (micronucleus-like structure connected with the main nucleus with a bridge) were also not considered. Only micronuclei equal to or smaller than one-fifth of the main nucleus were assumed to have resulted from chromosome breakage and were considered. Multimicronucleated cells were also scored but not included in the evaluation of micronucleus frequency.
Statistical analysis
The frequency of cells with MN was analysed by means of Kruskal-Wallis one-way analysis of variance. Mean values obtained from users were compared with those of non-users (smokers and non-smokers/non-users). The contribution of two variables (period of use and age) to the frequency of MN cells of both users and nonusers was determined by multiple and simple linear regression analyses.
Results
Individual data are presented in Table I . As can be seen, the percentage of MN cells is significantly higher in smokeless tobacco users and smokers than non-smokers/non-users (P < 0.01). The mean percentage of MN cells was 1.86 ± 0.26 in users while it was 1.99 ± 0.30 in smokers. There was no difference between the mean percentage of MN cells for these two groups (P > 0.05).
No statistically significant correlation was found for any of die variables listed in Table I using multiple regression analysis. The equation for multiple regression among the main variables examined was found to be: y = 1.13 + -0.02* + 0.05z, where y is the frequency of micronuclei, x is the age in years and z the period of use. The multiple regression coefficient (R) was 0.40 (not significant). The value of F for the significance of the regression was 2.12 (not significant). As a result of the multico-linearity problem between the age and the period of use (the correlation coefficient between the age and the period of use was 0.769), the multiple regression analysis was not •More than 10 cigarettes/day h P < 0.01 compared uith non-smokers/non-users statistically significant. However, simple linear regression analysis revealed a significant positive influence of both the period of use (r = 4.68, P < 0.0001) and age (/ = 4.75, P < 0.0001) on the induction of micronuclei.
Y.dzkul el aL
Discussion
The micronucleus test has been receiving increasing attention as a simple and sensitive short-term assay for the detection of environmental genotoxicants (Stich and Rosin, 1983) . By applying this test, an elevated incidence of micronuclei has been recorded in the buccal mucosa cells of smokeless tobacco users. This result is in agreement with the other data we have obtained. As seen in the Results section, the percentage of MN cells is significantly higher in smokeless tobacco users and smokers than in non-smokers/non-users. This was as expected, and there was no difference between the percentage of MN cells in smokeless tobacco users and smokers. On the other hand, carcinogenic and mutagenic compounds, including tobacco-specific nitrosamines present in smokeless tobacco forms (Hecht and Hoffmann, 1988) , are believed to be responsible for the induction of micronuclei. Moreover, the carcinogenic and mutagenic effects of smokeless tobacco forms have been attributed to tobacco-specific nitrosamines (Erenmemisoglu et al., 1995; Ozkul et aL, 1995) . These compounds are produced from nicotine by bacterial or enzymatic activity. The same formation occurs in the mouth under the influence of saliva (Winn et aL, 1981) . Ozkul et al. (1995) reported the SCE-inducing effect of Maras Powder. According to this study, this effect is more prominent in cigarette smoking than in Maras Powder use. In contrast, our data showed that the percentage of MN cells present in smokeless tobacco users was not different from that found in smokers, although they have a significantly higher percentage of MN cells than non-smokers/non-users. This difference may be related to the method of analysis of micronuclei in the cells of the putative target tissue (buccal mucosa). However, the SCE study was performed on Tlymphocytes (Ozkul et al., 1995) .
Maras Powder is a smokeless tobacco form used in Turkey; it is prepared from N.rustica L. (see Introduction). This plant contains excessive amount of nicotine (Shmuk, 1953) . In our opinion, the preference of N.rustica L. over N.tabacum L. (the tobacco variety used to produce cigarettes) is connected with this characteristic of the plant. The ash which is mixed with tobacco leaves powder allows the absorption of alkaloids into the buccal mucosa by transforming them into a basic form (Erenmemisoglu et al., 1991 (Erenmemisoglu et al., , 1992 .
In conclusion, the genotoxic effects of smokeless varieties of tobacco should be considered, in addition to their carcinogenic effects and other known risks.
